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Abstract 



A rotary cylindrical sputtering system (10) incorporates separate, separately-controlled linear magnetron 
sputter deposition and reaction zones for sputter depositing materials such as refractory metals and forming 
oxides and other compounds and alloys of such materials. In one aspect, the associated process involves 
rotating or translating workpieces (15) past the differentially pumped (12), atmospherically separated, 
sequentially or simultaneously operated deposition and reaction zones (30) and is characterized by the 
ability to form a wide range of materials, by high throughput, and by the ability to form durable optical quality 
thin films of nominal refractive indices and controlled coating thickness, including both constant and 
selectively varied thickness profiles. 
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St ft ir £ — CD x -/ 9 - V - > O ft (3!J © @ SI & 

c s ji ^ © «t ^ -e-s* -f*>2iB4 0iitt3&<*Dr^ 

ft 5 Jb S 6 -f > * ( 1 2. 7 7b M 1 5. 2 cm ) 7? H & 
2 SOf ( 7 3. 7 cm ) O K 5 ^ 1 4" <D R J§ «D 'h 
$ tt-8B 6 <5'/*D=5'/9 1' = 

5. 5 «) v^-w-r »^«»3&<»* 

^^ST^X^Sfc©*:*^ & ffi ft (C {* 1 Is) if iffl 



©&j£©iEtR©J£JBe#t£d<*$<b*'i4. 

/cx ^r#coJi^#»G>^^fc:<fc $ Slits *it<^* 

oo«> ^^«47-niss©~ en © * l ^ r 
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5\*i:SSlt*0(;^$ l < ti fi& t£ ^ 18 * , 

? - z&m-r * <i * y r & ± x&w&? zmmiz 

&^t £ fth cd *S k (,> t *> & i$ i§ K cd x v 9 - £ 
£ X* ft ^ $ Hi- -5) . n g> ffj li s K^HfSM 

ft ^ & -f * x v s /& •./ - y £ ii i§ f 

& 9 tC 0 fe $ -ti: . XA 7 ^-ftf , » -ft, ^ /N" 

£ cd s i o 2 o & «j ® k -r -6 cd *st m u tz it & 

i&t". T > TaiOs CD ^ -6 # £| /,£ * J§ £ J£ /£ r 

<£> *» C « [s] |$ ft J£ & T a -b X £ jg f . 91 <b * 

??} i£ cd cfc 3 > -i * v a v X ti: ¥ ® Hi ^ § cd £ 

r ~> x it & it s * £ r * * #> & m t * . 

*S ^ W X a- y ^ - CC cfc *) 3f £ tc 2> & CD 7 4 ^ 



?# IS] ^3-229870 (9) 
^CD^-14«lfftf . R?S5tf cd * >>: 

v*-cD^-#?fr*ft^-r*. ^ T . BSffiCD*! 

D-b^^ffi^Ttt^^^&CDteSjiftTfc* l 6 # 
CD 1 <D^m&&<D ft¥ ft KM ® £ O K#&<oyt¥ 

3* 8 Ute , ^^^^'v^-McDP5®|t3^iH-r«5) 
— fct CD f& i& # > 7* 1 2-1 2v 0|£K7i. 1 4 CD 

2 7 & E K 7 ^ 1 4CD^-{BItwrtffi|^®LT{ii 

a-r***£&g2ftT^*»{t3£a2 8 ^^fc- 
^s: x y ;7 - 6 7* £ *i # ti „ ^ 

o^*p^^ax«9CDjiiffl^^eiJS:a : ^eiJcD^^'CDx 
m*m^i$^?2^&a ; 5gift^a2 5 * ^ c c cd 



^Sx & £ & CD £ 3? , ^X^^JSlCKSt^CD^S 

^^cD^^^jLT^iiT^^n-^^o /ci^li\ 

Si0zS.i>*TazOs ^^t,'?S^^^^ £ % _b^^CDK 
^^IS2 8 £l5j&*Kg3j&*52 6 * ft 3R $ * . 
^TT^T^ECDS!^^^2 8il3l»#^^TCD^y^ 

S5 ^ SO © ffl n & V* T « > jffi i£ CD P3 m « ^ /n" y 

fe$^A:^-r^X^^^^. 180°[E3te"r-5>ch 

^ # «t CD ^ y ^ ^ /n- y # - x -r - ^ 3 

SO CD K 7 A ^ ffit 4 J; o a y ^ X ttffi^ 

*r f ^> £ # «t s x « /c (t ^ i±* m m & = ^ x « * cd 
ftbcD^ft^Tiss^m^sc^^tHife^^iffix 
a mm± 1* & & r $ ti tz * s< -s ? - * 7* - > * y 

CzmT -2»^ffi^CD^^^O^ffl^pJ^T^^. ^ 

^*>^-l*-^/c«)CDZJ yt'^-^^nSTCDStECD/c 
26 tZ K 7 A CD <& ^ tl 2js ^ tt ^ © ^ ^ ^ ^ ^ ^ lf 



mI^CDcfc-5^. ^/cJ^TcD^^IcDmg^l^^^ 

n * cfc o c . ^^B^if^a^^^ffi&cf'fi® 
&zfwffi<D}Xs5&&v&m<z>$.wfr&ffitzfa~,T 

KCDJfL$^fttI^r^^^«¥ffi&0'ft®CD^|^^ 
^ffitC^^/c^^CD^^^iSlR^j^^Yb^-ilr^C 

v h iZ *i it -5 ^ ® « 1 0 O^Sl 5 OA/ 
t* > ¥®CD^|f(^±T^^n^t>CD«t««|5l«^ 

Z&UtltoO&i,* 7 a n'-k&O r «€-CDfti!CDfBl^7 ^ /u 
fit^tlCD*>^i^<l gg Oi^- CDJIL^CD^^^tttg • 

*m\<^7 a ^j+tttrnz* * z. titmn-z 
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3b r>tz. ftlZ. &*<Dm3tmtZ£lQtitf><DAttft 
^tf m**tz yzt&fr* + ft^ 3b >) . 

(Z&^Tftm Ztz ft A* v f 

ft ^ * 'h * a si (Skgm^&m* 3 o • > k pb 

1 8 tZ®m LTWXmcD-? * 0 7 0 ifi \tL S T 4 A: 
to. A£ ttft IK (30 * < < 9 0 # ) TMf'f 
4 C i tC *> *£? 4 ^ + # « fcfel&CD V a M,Attf# 
^tL/<f^. l^Lfc*<£. 7, * v uitt^&o' 

* % H J! t* x £1 26 <Z> A *f ft £ CD ft m 1Z I* -7 PJJ 

. $ /c * <d cfc -5 « PpT is * © is r 4 /c to 
£ ft * x> y^bfc*>Miit-4««t«^-rtx 

© £ !# # J: ?3 </> 7 ^ JlsU* * ^ £ * 4 C t *< T 

£4. i#*c*&Hjic!>:frtetis rcratt&t>'*cD<tiicD 
as«c7>^j#^jic«ii]KT'if^^i^^i4(D*4. 



}*!»} ¥3-229870 (10) 

tV^>$7?«lRf 4 C £ CD t/ T L 
^- 5 fc@ffi^^^'T4, 

*f&9iCD:fri£t;t. H?Ji£cDm&tttacDi£ fc>*5 £0 
fer 4^^^il*ftS.CKKiS5lo14^/N- y * -X* 
- ( f5 1 H 7b 3 H3) <^ 4 C <L tc £ *) £!■ 
to© A 51 ft frbtotomtzWU -5 R3H*3SflB*r 4, 

tC^ilST-^^Kfit^tecD £ 4 . — tt. ft^tfj 

^^^^TiinSc-r4c:«tcD^r^b^- ? /cs« ; s- 

jg fi£ 4 . ^/N , 7 ^-7 , D-bXTtt^5^52 0 
cm CD ? - V v hR^^I^ RJl CD Sg Kg K T 1 

^M5mTCDii5EEi^ 4 G> ~? ft I8J «> iff £ *< *: < * 

A/* b . * ©ttsta^w < t£ *> m 3 n 

0>15t$cDfc&$a 1 6 P eft o-fc'dfrKtt J£ — 1£4<?lflE 

1 0 eV CD ^ V> X /< v * ~ £ *L/C ^ CD X * A/*' - 

^ < £ a> ii * cd fife SI * i«'> $ v ii * fife £1 cd fi| 



3E K . ClCDJSl&ttcD^^rf^x^'v ? - r a -t: 7, 

<t ^ 3 Bi ^ $ n 4 - ffi ig i£ ii ito ^ ^* v ^ - ^ * 

- A*ffl^ r *-4 ±* ^ii^(SlCDtA*Sl 6ECD^^ 
f) (0 3 6 0 • '(Z m — * ifi pj fig i « 4 . 5& 5 IH 

i> ) <o&nu ^ ra c is A ^ x v ^ - ^ aa ^& 

<£J3-f 4 » 3 ioR|gJtt0^7 ^« 1 8 CD J: 

0 « '& * y ^ - ^ •* - A^jg^-r 

4 • 

• H ft 7c W k: A o ^ ^ * ifei - tz ^ ?S -T 4 fig 

^^^ 3 6 0 • C*>-fc TSfc"«y* ffi^ttRM'tt 

o*'7 ^t i 8 Via ut m 17 late wic 
■*it if sr 3 witz ^ $ nx tv* - i@ te il 

tft x /n- y ^ - x * - A £ ;£ % 9J cd i§5 IE 'ffi : x * ^ 

1 8 ^^CDiM^K^^^-r 4 • 

7 ^ - x * - a 0Uil(t*i«**<»"e» ^ 4 . 



CCDX + -i.trfeOTli. R^tt*'7^^l 8 CD 

-7- JS ( HSWC tt 2 TbS 5 A ) ©!*Bi«^^*r4 
i§& i£ ^ m * '< v ^ - "/ - V 2 6 . 2 7 (^11) s 

b "7 ^ /UA CDJf: £ &5t'£llZ8Utty v 
Ilk^^Kitft t 4f£^*W-f 4 X^f v C 

^ /i^iottr ^ x-7 •/ - v 2 8 <mis> 
stu> ^^BjcD^-^iiifc^w^^^xm^ 

S 1 5 A&tf 1 5 B ia©#R5»^ 7 5 M^: *) 

m r — i 6 ^ yrs««l0 <fc?«fit 

^ ^ * ^ V it ^ ^ ti tz B3 ® CD ^ }# <* Jl*: 
»r ffi cd Ji: £ *>< ^fl ifl ^ n ?i i> v a /u ^ cd ^ m & & 
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^M&iktfm&tz&it z&zw* tic . m. 

<»Jj&teE/C(DP\&zmW£fttz&Zi)<E)-X 
$> % ( e / c - i ) 

( E / C * 1 ) 

#J ffl £ ft * J? £ cd i§ . ftftizm&z 

BElK^^ft^MR- 1 6 '& : &J&.BKMmK&'$L 
ft * o L ^ L tt rt< h . fltl j$ CD £ •? iZ , » tfj |% 

^ CDj&trX + # £ U * h X £> * ♦ 

* & ^ti > Iffi i£ cd 5fc *ff CD x f& SL & W cd 



» IBI ¥3-229870 (11) 
IS tfr ^ © T R * + # gt ^ tl cd PA £9 a< < * 
tHJffiCD£|*(*±c&K«ffc!fc&r/5iob/c&J5ffc 
&V)<D & r> < ©^RRtf^Rffc^fecoai^? 

w/u^^^j-^^^-r*. -r # *d ^ . ^ — cd v st 

J^ii® X&tiSL $ ft* . 
35 k . !t»J i£ cd cfc . * £ cd # £ « r£ ,c* ^ £ 

u * wr a> *) t u < > * /O s> as g& £ -c J* $ 

l£ " M £ (desired non-uoi forni ty) " 

if O. dCDfg^Ltr^*^ — « x 7 CD©: £ 

cd ^ — d< 3£ |$ # _b cd 55 4> cd 26 * * tz; *j *j * A 

*-<;7 r ^^SCDe^<gtCtt^-r * 36 

A*tx-;* r n/^j&CD *F*£ft & 
£ # # cd ^ ® _t t- £ ft L > i3J^7^;u^cDt*fe® 
liA*fftCDKUSiLT>7 b T Z oxft-fco? j 
/^CD#£*&fk£i*:*c<hr#^*£J#(*J:t£ 
1^ L^T^-if4:i^a$L^. 



> > h ) ^•oOjt30<a©sffiicA^"r6ftJs: :c ^ 

Jig ©CD*-: 7 K^^¥*-US£5-rs^o!C^S 
< + n> £ fl* SB ^ to > ^ip){;t>fc^T«rtic||* 
£ * 0 M L tt n J* /i & « K ft* « ® t* A & 

c< <p *i> ic *? ^ t m ^ $ n tz * *< 9 h jkd & m 2 

OK®CDfffil[CD^^^^^^o 

* * SI A £ 12 „ ^ R tt «3 SI CD J: o DO ® cD 

i @M L tz c £ H '* 5 > - ^ it & T O i * 0 -e 
1) ^'o-fe^lE^K P t o t : E/C!iP tol O^ 



2) * v * - S ti^cti^CDtt^^^i ^ - , 
E„ : E/C(U« CDm^^i8^HBg»"C * >£> ; 

3) ^Av^-^/cfefOSi, m, :E/C 
ttm, CDmsI^m^MfST* * ; 

4) ^^*'7,CD®fi.m, :E/Clim,CD#SS 

5) ^ - v h & 3t!$*na©KiJ». d t . : E / 
C ttd l ,CDm2Bgf:**^KI&T'£> * ; 

6) ^|^07X^^ h it 3U* $ : E/ 
C ttc©W^o*Wgfit3!nil»»T*4 ; 

7 ) ? - y -s b (otzjj : u*>#mm-t Z £ E / C 

8) 

i£ CD tf| ^ £ . (1) Jk CD IE ^3 . (4) |R ^ CD S 

(5)^--y v ^ & £ J##iy|cDB&3l. X«(7)^ 
-Vv r t2^^<ie»n-r * £ E / c tfmtjnT * . iS! 

- . (3) X /N* y ^ - $ n tz e CD S 9 . X « (6) £ J# 

(^cDT^^i? hit^iejiat- * £ e / c *<«^-r z . 
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l i >m - 14 & * - 14 * /& fit r * * % © m * 

^-ISIiEL*:... M- 1 6 3iftfr±tc Y&fo 2 *itz 5*^ 
7 * ^ © ^ » rt< Iffi i& <D 7 > -^GDSifi&^lUa 
U tc . fciitf, * © ffe © f ^ X <D >< -7 ^ - ^ * 
IIU^ 1 8 1 AMUOfif^ttiTa^fflt^ 

*. 28AMUO«I*triSi$ffl^4iv R 

9t3ft©aggj<z>#a< 2 o KJVt^ttR^W £ . * 

fc&£<*©JEE**teT£H*r* £ . & 3t« © SB ^ 
& * ^CD5W^7 ^ M^CDffltttttt 
S*8©4i/J> £ifc-<T{£TT * • M R - 1 6 

Sl^t^^^TttE/Clt^O. 7 6 <_E/C <. 
1.2 0 © «G IS "C ®J ffll b T St it £ * * • 

^;«)t:E/citA<fflt^n/:, ^ as n 

Jfl l> T E / C it (Z Jk « -f 7' n -fe * 7 > 



Tft<fc**fc«*©»rw*««r * cote*** 

^M5W 1 «c«fc*Lfcfrs mi 5 AH&tffS 

1 5B(3©[H]®©Sft&©C©^®©&£!ffj#<l 
■T t> "6 E / C Jt 1. 0 5*C*4. C © C <fc tt . 

* /i> C tt * # £ £ *> 5H*Sc>aiSSfl©J£c*£tg 

r * k «7 * ;i/-L©*t£ifi©Ji:<**&* it * s 
u it *u* «<c>«oc 

$^Sgtai-*<Z)^^-Vv h©1£**ffl^*C<!; 

* % 33? L *: . E K - « #j K . PjTK.Ttcfc'Ji: 
c©^r^iii!iffi&a c DafficD^^^±tcififflL-p * . 

m i 8 a m & m i 8 b m & n # . ^ ® . na 

JUl 4 ©!&Je<fc *) 'h £ ^) Tfc*3U##2 0 0. 

2 0 1 X tt 2 0 2tt**l-mtt*iiSt3 0*ii<9& 
LT&EI?-*,*:*. 9-¥v Y &Zfi&ftfrM&m 



?§Pf!I¥ 3-229870 (12) 
SO^^i^ffl^^At/:. C © 7* a v ^ t* . * 
/< v ^ - W * /< 5 > - ^UI<fc4RfT^07-<^A© 

#f&icrar*^t-^*#*©Kffl^*:. E/Cti 

E / C = < 0. 6 5 5 4 ) TD + ( 0. 2 5 ) I CC 
- (0. 91) PWR + ( 0. 006) 
OXY - ( 0. 008) AR-5.4 
fib. 5£*. 

T.D - ^ - ¥ s Y (omm 
i g c - <t * *s jfsfim 

PWR'-^-y v h © tS * 

oxy =8tmm. 

AR-T^r/Vifc 

m 3 m iz ti* & mi* * tits 



« * /L» c it * £ <9 3S % k *? ^ ^ 3r ^</Jn ^ . * 

^ ^ ti 3^ ft * © * /6 K & it * <9 & Si* K *? * 
^<A$^. -r«t>^E/c> 1?**. $2 0® 
^^ntifx ^-y'v Kz)t^j2 o 5ttc0iasi<z> 

& £ 2 Q 6 & m Z tc #> IZ , K7i*&v/^J*«c 
^M^««3 0*il'9^LTS|c'r*i^^^8P<t 

^22ABI. 512 2 BBI^I^2 5 EI «C * $ n 
-S^ofrC. G®G>^^* 2 0 3. Ttt*>-6K7^ 

2 2 Bgl^^:$tL*cfcoC -t©J; o «flffi©$ 
3£f*(^cD ^^t ^ «*; ^ iSSJK: tt 4 ^?i<A * 

t>. *CD*£Jftx ^2 3@Oi» 2 0 7tC*$tL4 
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«kK> as *c *> it * j£ $ <p iO fz *> it * -e n 

* # * /c «> <Z it s £ # CD ^ 7i< * - >r v h CD fill 

2 0 8 «fc . 

£ # # 0 ffi O 1* A fc: * I ^ «3 - cd ffi SI ri< 
i9At4dicr±St-:$T'«)i, * S£ cd <fc o 

T £ * . 3£ l# # CD ^* £ . K^X.CDjgH^^Efei* 

2> * ^ T & % £ it <* * C £ rt< dfe ^ T & & . 
<t * 9 0 0/^©il$T[!lfet 1 0 0 >f 

V * ( 2 5 4 op ) (1S3 0 >f (7 6. 2cm)) 

o K7i,±t:^Mit <bn^ES l o (25.4 

cm) CD^FtB #36 O^^l 0 0 H z CD IS ^ 

CD & fb <j* ^ T' £> £ . * CD #S & . 31 5 EI CD ?S © 



?*Pffl¥ 3-229870 (13) 
SSa*»At * C <t K «fc *) SB© 12 2} 18180 *£ic 

9 - y y h CD Pal £ & W It * d <h *>< oj T £> * . 

*&Htt*i*#&CK/Xtt:Jfc«J»tt 
cD£!t#±cg3!L^:^~ttxii*^-ttcD£K 

J3J® "T * . *ft!5JA £ cd*0* 9 -? t*> 

frSffi^^fSftLo^t&fficD^Jtfricc&JKfigMb 

i$s^^%«-r*Htj^. Etcjaiaw x y ^ - 

— &t>' - mHte3£S£;8 ^ t & h tiz cd t . 

^■&CDse««C<D^S&a*40CD (Xtt**lJi{± 
CD) -Jk&fAit/ JsLfc - z V 

g fl] K . J£S*&Xli^X«:*©ffecD£##*K 



5 j.a>mm±viftttif z . ^^Tissw/i^ 

/c £ *_ Wf 1 x i 0 " * h CD ;n' -y ? f 5 y K JEE ;7j 

^ ^ 51 u N m £ n tz i* & t k ^ cd e «c £ ih 

x v ^ - Pi fiS ^ x AP-?-*-^K3 7 * £ x 
( W ^ ^ tt 7 ;uzr y ) ^^LAtLs 

w^r «'«^Mtft« 3 3 frtmm 3 i -u^^m 

>*f 4Cit:«k*)f64$*4. Mm/ ( (t « & t>' 

« ) ^ ^ ^ ^ ^ ;u p w m -r ^ « s & fs ^ + y 

x/n- y ^ -^g <z> gHt* PiflJfe-r -^-f it V 

mxm * vu 4 ocDi£fE£p,a#i-f*. fiaioj; 

OS^t3|5gi^-r'5>r7X-r^ffiV^CDT. ^i£CD 

x />• y ^ - ^ cd ^ * 31 <t f ^ . ftSNb #J cd t£ 
^■cSffr^xA-y^-|g3 ocD^^ncab^a 

cd * cd fib cd -< * v m it ® flf K M L T »ij cd r -y X 
tt ft # L U X /V y ^ - ffi CD & ft 55 5£ 

^kt-*STcn^cD^^^R^I^$^i•/it^c: < i;^<^ l f 



-f^-^ascD^^ti. at#x«^cofthcD|g 

* Uc^SJC^^xX«-etit>cDrg^«a^An-7^ 

* - ;u K 5 7 ^ bW. L An. H^^^iSl 5 4 i> 

«^J. ^xtSRc>'ff ^cttA*n/£ x/N' y ^ - |fc 

K^biiK^^i&^'S^^cDiHjfeiiKTS^-r * k 

iMtRWtc>-t-y^-*R3<c:<i; 

1 ft®, -f ^ ^ffiKfb^J. & 
«2ftffi&Cf>f^yag(SEfb»lICD!ilT K 7 i* 1 4 CD 

JSIHcD^^*)tc:4^cDx/N'y^-s.o : ttfbx^- 

^-*Rfl< C<h^ck*)mTCD^^^<^^H*. 
1. 1 ^*S.o'«tfb ; 2 tttf&O'KNb- 

^« 1 StfbfecD _bK&R 2 «fb«9 (T>X^^. 

^« 1 X/\'y^-|$ffiCD->+ y^-RC^KJiSr 

2 x /< y ^ - ft «s •> ^ v ^ - R o' M iS r * K i b 
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m> + v 9 -*-WtcM < ) ; 
2. 1 ; 2 &CFft4b'-'ftM 1 ©-hC&K 

2 8Hk«3; 

3., fcJK 1 fctfftMk ; 2 1 BMk<&>©-L 

C & « 2 ; 

4. &K2 : 1 fi.tf BMk-&« 2 © JiKlfcK 
1 BMkfc ; 

5. &R2Rtf«<fc;&Kl-&«2ia<t«3©-t 
tc&fc 1 ; 

6. &IRlB.tf&l£2f5jB#(*-*f *> *> s & R 1 £ 

es.^^K2^®tD*>^.y^-^[siif^ri3<) 

l&tf&R2©ig-£«5©B ; Rtf 

7. &JR 1 2 &tfBMk 1 . 2 

& # m it an © •> + v * - * - *t ^ na < > 

-«MtJaJb©£K&tf/'Xtt*©to©«fc«©*& 

^^50 JgJfc* C X /< v * - © >.+ y 153 ^ 



¥3-229870 (14) 
©&K© -5 — *Xtt*©fih©&Kctt-r**J& 

*&*k$**c£*#3:L^<fc^?c£tc&@-f 

^ J T 3b 4 • 

rji^©^rn^©#^©jg©j?$ ii. Mis-r* 

y ? ~Pi&© •> + y ? - *P3^T<^ *l$fB1© 

tfmje&tf#JB©&R£*©to©«3SRtf*n£ 

©«Hk*K B<k«5> &<k^©rl£$9©*fl^** 

#i$*&LT&<k?-*7*;i'i^ifc&£*i<&, 
©#*?ttv -*$#_l© x^- y * -mx&tez n* 

x & - « & -t © x /\- y * - © m n x i* *> * * 



-©rafiSc^iS^^tc^^k^Hir^ctKicfc^^^n 

£ ft {* K & if * £ ft <*$3 » © IS flf & h # « 
©#®c # tt * &te©^l£tfjfcfg£TJStfr;fc© 
Z &-~<D7 < * 91 ttKltJKr'iL 

1 0 0^©**?i©&SJiS#^S> 1 o o %o 

/uA^ftm^n?*. jg #r # © # « > is^l 
©&<k u/c#?n-c * . * © «k ttiiftoAS 



*©^«mir*fc#K*©£Ttt3£S*l*^ffJ 

^ » w 

^©^S^^^^^tl/cftffiCD^ft^^^^^ft 

jSMfe^3SS2 5 («ttXttRt^«©^ft^K:« 
Lt) R^J^ — m«E©mftttSi 5 ^ x 

4 8@/$)-©i$&-eiiiiE-r*®:*£2 9 ^ v^- 

( 7 3. 7 at ) © K 7 i»% ^ 4» * *R f«1 5 -f y * 
(i 2.7o) 41 © W n . R & 5 -f V ^ ( 1 2.7 a) 
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n - X U it H h u ^ o 
bo i£ cd 5fc If 15 W (Wi cd 5? ft it tr* ^ £ /c -tt * 

^ far -r * o 

X ^ v * - J5 3 0*ffll»4t, * % CD ft ffi 
SJ&ffl ©«ij at cd V - y ^ * . 

■/ - y (Efl cd £ EE tt 7 - ? fifc IS R O* * cd & cd 7 a 

<d&£ ® «i a <z> *fi£Kte^. 

K -7 i* ® JsJ ffl CD ^ / - y & JR IS ■/ - y « ^ 
< T & < . Rt^^CDltlSg^SCDJUiacD^^^CD^ 

3»cd^7-- > 3 y cd flg a. £ T * . CCDC 
— 7* a-bxcD-9->(^^43tc:-|i^^^A.>£, 



T#BfJ¥3-22B870 (15) 
*j * t & *> . z&ztitiz&utznfcw&r^x 

K tt * m i* X £ -6 . 
£ < cd * t- - •> 3 y*s*^-f*j;u: N l< 

cd £ fis v* - y . & ck c w- « ■/ - y a< ® f£ * £ |# 

+ i; - CDJfJHcD £ ;b *) C fi S b . It 3* ^ ® 

cD^^*5tc{iar*^TcD3^i#(^^|5i-^®cDm 
&tfr7*^&#KSS£n*;^£>T&*. CCD 

C <b««^CD^|$«tJ;CD7 * /^ACDi^^^lf^tC 
i5 SH- ffi} T £ C ch ^ 51 H L. . CCCi^ifljc 

^ ■/ - y & o* £ # <* * + v * - m tz *> 
L/ct;^sts^<^ffl^cDT. co^'o/cHfct; 
*> & \& &n m &i X- it u & r> te&m<D$.&(*cz><g 



l.ftMO^^ g'ftfltf|)B'g (Ml 6 & M 
1 3. 2 5 ) 

* 1 I©7'Dt^*I^x 151 5 A i CD ^' 7 X 

as 7 y rs*tst£i## 7 5 cDta® cd ft&m.m i 6 

1 IS) © £ J* # CD S 1 5 B £ ^ H -tt . 3§ i£ 
®T«ffittCf|fniIJ?^Lfc^-HcD-@^CD^®T^ 

2 1 JS ^ ^ A, /c: . 

51$^ I (H/ 2 LH/2) 5 (H/2 LH/2) 5 I 



6 2 7 nro 4 5 9 nra 

^yT'*i9. 20CDtf« (H/2 LH/2) 5 « 

-en-rtt6 2 7 n«&a' 4 5 9 nuo q w o t (es^ 

CD-®g©3t^^J|t $ ) C*t»T*6C*i,fc. 
Btli£CDXlS±Sm^^^^^T*>^# 

(H/2 L h/2) 5 «: . z;fiatt*-^ycD-#cD — 

CDQWOT^ <H/2) IZK^S^OQWOT 



JS (L) ; &.C^ZlK^fc^-^ yCD~#£> — CD QWOT 
JB (H/2) *HmiE L < ^^11 O y - a x y x 

ftL7^^(D*'^. «+> TbT x S. ^' ^ # -6 

«^CDKI»Ii:LTCD^iSii3^*^®te«i8 0. 
8 \ El & B 2T^^n^<^-5C ^ « 1. 0 5 CD 
L,^ E / Cit^-^TL. m^CD^tiSCDfe^^^L 

^tx^;i/+*~. t/i^B^ 7 0 Onm 

* fiK St U /c. 

^ l# * : Cn®CD**7X 

^ y 

^ 15 it JS; . ^ © 1 (CR1) : 1 1 0 A/ft 

f£!5igjg.95®2 ( C R 2 ) : 9 OA/ ft 

^1® 1 ii X : T ;i/=f y 400 scci 



-409- 



«5» 2 * * : 



7^^ y 400 seen 
6 KW 
5 KH 
2. 0 » 

4 7 y -<7 ; 125 
seen O x 



$9S2Kf5a3-*'f;*-:/iSMt2fc: 2 7 y ^7 ; 100 

scca Oz 

»f¥»ott^*t <&*?3£T&) : 5 5 0 r 

1 «*r«u 



2. # -5 x 



y 



1 0 IH <Z> 9« 8 3&tf?«iSiB^i&*a8 4 

L % M I L - C - 6 7 5 K .fc * 8 t* 4 U - - * 



19 BH ¥3-229870 (16) 

*£j£CD&gt (HCD|?$) K<fc*)#j4 0 0 7bM700 
fc. CCD&StfcU «l^fetD||3Et£cDSf**/£fsfc 

^ 2 3 



1 : 
fc« 2 : 



C . 
C . 



R 
R 



X u y X 
*- 

TaiO* ^m^ct** 
* v * ;u 

Si0,*JE2J&T * J£ 

7 0 A 

90A/8? 

7 /U rJ* V 400 seem 



«5S 1 
«5S 2 

^®2cwT*-<*yiStti* 



7 n/ zf y 400 seen 
6 KW 
5 KM 
2. 5 V 

4 7 y 7 ; 199 
seen 0i 

2 7 y 7 ; 99 
sccp 0 t 

4 5 0 t 

i isra 



s * » * * as fig a* u y x 
«ax K^wr^n«5^i2^iE«i^nTi>*7^ 

/U £ I*J — CD 2 6J8Wfe7^^^-7 
*$f4/:»t:^3 ^CD 7'D-t^^ffl^^lBI^ 

M&3i2ifc^<*;h,*^S * # -®i£«a:-effiWc. 

c CD *8 ^ xSu- y 
XT? » « < T r 7 X f v ^ S3© t ^ 7 X 1/ y X 
T . mi 1 El CC <fc *U2 . ^JKJW^ffiW8 6 

c>7 ^ ;uA<D^K(iHi!6^12 C*?t^T%*$nz 



^a*^»#K:«^ (^5 5t) fcidi:r7Xf 

7 v *±Ktt*c***Bttfcfifc8tL*:. C CD 
gg^tix r 7 v * ©£J#(*-tK£JSCDSt£st£ 

fi^^g^ 7* n * x t «: is # * . cn^cogit>7^ 

A'^&JRttS /c*gvH»fS (M I L-M - 13508) R 
X* v 7*7- ~ r«3fft«tt ( M I . L — C -675)K 

3 % 



1 : 

«3S 2 : 

C . R . 1 : 
C . R . 2 : 



y 7 x u y X 

m- 

Ta,0» 

^ y ^ ;u 

sio,*^«c-r 4 & 

7 0 A 

9 0 A / «? 

7 JV zS y 400 scci 



-410- 



«9® 2 * * : 
«5© 1 -3^3 : 
2 12^3 : 
7 ;u zf y X /%' v 9 - J£ 2) : 



7 & Zf y 400 seen 

3 KW 
5 KH 

2. 5 fi 

4 7 y *<7 ; 199 
seem 0 2 

2 7 V 7 ; 99 
seen 0 z 



(HLHL) IJ5)S 

{fc^^^^T^oT. QWOT H L H LtH^l 
^ *l 1 1 7 nmv 1 7 2 nos 1 0 9 6 nn^^ 5 2 0 
nmiZ&^T ipfoiZM* o fc. $1 2 El CD £ *f & 



6 8 8 td cfc n x 

ft? X tt IK it £ -tir * 
(10 0 n«©J££ 
W * «S £ * * * • 

£tf (* : 

93® 1 : 
«5S 2 : 

C . R . 1 
C . R . 2 
«J * 1 # * 
$5 ® 2 H X 
$3® 1 «7j 
$3® 2 «7J 

7 ;u zf y x /\* v 9 
1 «:M-r * 4 



t*lffl¥ 3-229870 (17) 

c i « < nam* < ifstcai^ 



S 4 § 



& 7 * u ;p # «i 
fig 



Ta«0, *0j£T* 

^ y 9 Jis 

7 0 A / & 

9 0 A / fp 

7 )UZf > 400 seen 

7 frZf y 400 seen 

3 KW 
5 KW 
2. 5 » 

4 7 X -5 7 ; 199 
seen 0 t 



fej^cra-r^-f^yiSHI^: 47^-57 ;99 

seen 0i 

5. % fe CD ^ y K 7 V 7* 7 ^ ;u 9 - ^ B 

n ¥ y ^ v h' 5 y y%.&<D^^ft&±KL I 4 JS CD 
7 ^ l (EI^S^3(gl^ 

7K**i*^E*BU>/c. 7*>^tt3fICD4&®* 

ft CD m t> E3 ft CD JI CD IS 61 ft] ffll ^ 
^(D^Sm. 7 4 >i>2+ CD Sit t*8MT#ISst 
{> CD T $> * . ^^07-f^ACDgSgttiJ^TCDi 

I Fe*0,(H) (LH) » I J51 ffl 

^fc^ ^ ^ )V7l 3b X . QWOT Fe f 0, . H Jk 

(LH) ti-en-Ttll 4n»> 1 Onn&a' 4 3 Onm 
C^.^Tt^Cft* fc. 7 ^ A «^$$CD^« 
JitCFezOj(H) (LH)* CD £ Jg 7 ^< ^ - * H ^ 



Fe 2 o 3 ftjRffU8*ffi^*«^«:«:ftai 9 1*<<M»& 
iS^^^T. *IR9 2 tiPe«0, ^ffl^^^lfi^CD 
14!S*^-r. mi 3Sltiv ^B#fe7^;u^-& 

C>'Fe,0, igft WR»R^JcDSa^-<*-^^ 5 0 0 ^5 

6 0 O n.CDKH^^/c o T ftfeCDTt^iSiS 

4 5 0 n«*C;frtt*#fe7fcCDiSi§*H^Lx ^ O ft 

g 5 ft 



fell : 

«9» 2 : 

C . R . 1 
C . R . 2 
«9» 1 if * 
«J» 2 
©JS 1 
«JS 2 «7J 



a d y y 7 V 
Ta,O s 

I 5 0 A / # 
1 0 0 A / » 
7 /u^ ^ 400 scci 
7 zf y 400 seen 
6 KH 
5 KW 



-411- 



T ju rf > X /.« y ? - £ £ : 2. 5 P 

«B*llCHr*<f;r;/Eft*: 1 T T ; 200 

sccra O a 

»«2!:HtS'rt>fflftI: lT^TMOO 

SCCffl Oa 

*f**©tttt»t : 6 0 0 r 

AfcJBfifcTSCDi::* JRlH^I*3Bi:**n5 
CD ^ ^iTx-f^^o^^T* 7 / ^ h iO^t^ 

Jfc^ (thin hot mirror) - t^tftl4 0 #*x* 
^y^7 / 7 > > h ± K » M 3* ft JC A 
ftfr 6 ©T?Sfefl3:* 5 ^ ;/«£©<£T<&JIC(3 £ 4 , 
x*;u*'-ii7-f 7>>h Zmfb-T Z CD i i f£ffl $ 

$3®2;*'X: 7^,^X400 seen 

«5«f 1 m^J : 6 KW 

«5® 2 : 5 KW 

T/^y^A'y^-E^]: 2. 5 M 

UtlCBt^tyKtti! 2 T V^T ; 199 

scci Ox 

«lS2tcSlf : 2 7 V ^ 7 ; 9 9 

scc« 0 1 

frttmotottv : + 6 o o -c 

1 B#|S! 

* T * * 4 • 
4.@3ffi<Dffl#fcfiL9J 

m 1 ia&tf m 2 iat*s *%?fl(oii 
ei-c;b*>. m 3 ia«:*%^<&igJi**i{Mfc*- *« 

z, F 5. 



J* IS1 ¥3-229870 (18) 

I <L/ 2 H L/ 2 > » I WIB8 
= 9 0 0 na 

{t^^^^T^^T. QWOTtt9 0 0 noC& ^ 
T 4 1 n> £ & £ tj . Cnt»C07 ^U^©^^<^ h 

;H4f£i*m l 4B]k^c**itv>*. AIR 9 3 li 

7 4 4 0 0 ^1 7 5 0 n»<Z)ggffl 

T^*B7t£iSiSLx#j7 5 0 ^11 1 0 0 n.<Z>® 
It I Rx*^*'-*74 5 > y Ko^t:S»r 



S 6 g 





1 0 






fc® 1 :. 


Ta,0s ^-^^r* 


$3® 2 : 




C . R . 1 : 


1 5 0 A /tJ; 


C . R . 2 :. 


1 0 0 A/ft 


«JS 1 : 


7 X400 seen 



w&z&mmikv-&&jZriK*&mm'c*> *> \ m 

mi 4 gl«(a)*B5©^ ^ xi3©& (IB9BI)\ # 
7Xloffiai/yX (mi OS) s 

sa^BE^uxx (mi id icft***fc** 
<z)s«6fe±^fel (mi 2 no) > v =7 v 

77 a »fi (m 130). &'0'£*Mlix 

*^*'-ud^7^ (mi 4 0) £m 
mi 5 A@&(f$i 5B0t±. *n«r*L^ m 9 ia 



-412- 



5>u-h (Martin/Rancourt) ftWiZmiZftlz 
^fc>L, 91 7 0129 3 0cD-£Hm**-Z.£ 

«f d 91 8A0SC/^ 
i 8 Biii, -en-en. Hixuiii^i 

£ L . 3*2 00(2 92 

92 l 0l*3£#f*©«-*fcBi::4stt* 
»ri©If$^/Tfr7^/Tl, 9 2 2 AS&a 

92 2iii> -en-en. a®cD£#i*©*4>gs& 

JC ^ U , 92 30(2 92 2 A0SCf^2 2 BIO 



73-228870 (19) 

fro 9 2 4 0I2 9 2 5 0®^- BtSqcdJS $ . 

«rfflt^n$3t^»©ttfltcDMtttUTco^-y 
■^h©«^cor5^^^L. 92 5El2$:ftf*CD 




-413- 



?*n,1¥3-22f)870 (20) 




-414- 



?*rfl ¥3-229870 (21) 





-415- 



-229870 (22) 




as i mv>mz 

©Int. Cl. 5 
G 02 B 



1/10 



— ti — 



3-229870 (23) 

8106-2H 

T > 'J iJ^^m il V 7*jv—TiW 95404 1f>* a 

-if 3500 

T> U # 'J 7;*-^-T4+| 95404 a 

-If YHf 22A5 

T-*'J*^*B ^^t^-Tffl 95407 u 

— If ^ h — — — ^-f > h o — K 150 

✓ <;u Xh>J-h 3974 



^ « ftf iE 



2. % Hfl © £ ft: 

3. m iE 4- r 6 # 
*i* £ © km* 



m R C c # ¥ O & <* ± !C jfc ^ ft 
£ -it 6 # ft 



W Bfi A 



3.4.2 6 L M»C*«J^*ft LfcEISBCDfr# (ft^Kg 

I«L) ■ «y « © i ^ 0 
* 8 2. SI # C & flJ £ & « L Bfl *ffl $ CD # ( F*3 ^ II 

ffi E L ) • JS'J ft © £ * 0 

ft. SO m ^ !C J: 0 Bfl a § CD EI ® (Z> fB5 m U 3# Bfl 
©ffifl©^ 2 1 El&tf m 2 5 BKD&BJ^iEffSlcS: 



4. ft JI , 



>< > ,t - # U - f V K 



JKJfct&T-ftfflE/KDrtaTS 3 # 1 *f 
mi§ (ft) 2 1 1 -874 1 v- 



( 5995) ^FS± 4* 



5. *S IE <ft ^ CO B ft 
7. M IE CO ^ ^ 




2*1 0 /I 3 0 B 



ftawtfiEW-r s »® 

EI © 



-417- 



